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Electroweak and radiative penguin decays

Electroweak penguins:

b — s(d) flavour changing neutral current transitions not
possible at tree level in the Standard Model (SM).
Branching fractions ~ 10~% — 10~7 = "rare” decays.
[JHEP06(2020)175], [PhysRevD.87.034016]

Highly sensitive to beyond-SM mediator contributions,

affecting: o
Branching fractions b s
Angular distributions Z/y ¢
CP asymmetries t
Kinematics Electroweak radiative penguin:

Shown today:

B — K*ITl~ vyl
B — J/Y(ITI7)K ( Rk control channel) b s

Inclusive b — s
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https://link.springer.com/article/10.1007/JHEP06(2020)175
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.034016

Belle Il at superKEKB (1/3)

e+ 4 GeV36A
*\\ <

Belle Il

New IR

SuperKEKB: 4.0 GeV et - 7.0 GeV e~ collider.

Luminosity world record: 4.7 x 1034 ecm—2s—1
On June 22, 2022.

Current status:
Collected 424 fb—1 of data since 2019.
Shutdown since June 2022.

Add / modify RF systems
for higher beam current

Low emittance positrons

H —_ toinject ositron source
Here we show studies based on a 189 fb—! dataset. e S S
- lew positron target /
. capture section
On-resonance data: Nigse/
V5 =10.58 GeV. ol

Low emittance electrons
to inject

~ 1% of collisions produce BB pairs.

25
Clean B sample. ~
-S 20
Off-resonance data: z
215
60 MeV below Y (4S5) resonance. k] 7
+o— _ T 10 # BB threshold
e’Te” — gq events. ;3 Y IR oy
€ st A A .
. . I PR T Ur I
Control sample for non-resonant (continuum) background. % vas yes Myasy VT Yas)
944 946 10.00 10.02 1034 1037 10.54 1058 10.62

Mass (GeV/c')
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Belle Il at superKEKB (2/3)

Belle Il detector:

Flavour universal :
similar performances
for electrons and
muons.

Optimized for high
instantaneous
luminosity.

Collision of point-like
particles and 47
detector coverage.

Belle Il

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintilator + WLSF + MPPC

(end-caps , inner 2 barrel layers)

A

EM Calorimeter
Csl(T), waveform sampling electronics.

3 Particle Identification
electrons (7 GeV) Time-of-Propagation counter (barrel
Prox. focusing Aerogel RICH (forward)
Vertex Detector
2 layers Si Pixels (DEPFET) +
4layers Si double sided strip DSSD

positrons (4 GeV)

Central Drift Chamber
Smaller cell size, long lever amm

penguin decays



Belle Il at superKEKB (3/3)

Belle Il

KL and muon detector
esistivo Piato Courer bare outrayors)
Scintillator + WLSF + MI

Belle Il detector: (end-caps , mnev2bwul Vayam)
Flavour universal : EM Calorimeter ‘
. . Cs|(TI), waveform sampling electronics
similar performances
for electrons and

muons. electrons (7 GeV) :ﬂ;‘_:ﬁﬁrxﬂ?{;m“
Optimized f hich Prox. focusing Aerogel RICH (forward) \
ptimized for hig = 1 4 A
lnst.anta.neous E 1.0 M”.,.........-.......................,,1 h‘.
luminosity. g s 5 o W Y,
.. . . = t barrel region only o A KID efficiency (data) T
Collision of point-like 2 BE L s Baile i Fraliminary 2 & KiD ethcency (MO)
particles and 47 g 4 MC JLdt = 712071 = 0.6 bt Betlerl prelitinary
£ oo A Judt =712
detector coverage. ¥ 2 0.4 { B H ;
2
.. 1.025 w i ' mis-ID rate (data)
= Strengths:  Precision o o mknesdil] B * i fae (MC)
% by Trete e 0.
measurements, rare and/or é‘ﬁ =0 T”H"””r” siteletntielatttnniandyy H{ VVWW%&
. . (] 0.975
partially invisible decays uﬂ-@' e . il
(ex: B — D7p). 1 3 3 a 5 Mme"'"mlsev'c]
Precoil [GeV/C]
High photon reconstruction efficiency Good particle identification
BELLE2-NOTE-PL-2021-008] BELLE2-NOTE-PL-2020-024]
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https://docs.belle2.org/record/2604
https://docs.belle2.org/record/1558/files/b2n048_Moriond2021.pdf

Measurement of B — K*[ 1t~ arXiv: 2206.0594

_ BB-oK utuT)
Rk = B(B—K*ete™)

% 1fBelle IT S [ Belle IT (Plolnmnal\)
3 b Ldt=180m7! 8 E/Ldi=189 1"
g mf:aagckground - Kiet 5 12 _:'lgt;:glvound B - K*eTh™
. . S = Total = = Total
First step towards Rx=: observation of E ‘*""‘ g peom * )
B — K*(892)I11~. g " . & e
= . =
Reconstruct K* from K+ or K2 with 7t or 0. Yoep 2
e T ‘ :
Background suppression: dilepton mass suppression v s am e am 526;:7[5:3/:2129 cEomoE e e
(e.g J/¥ — ll, photon conversion). Boosted Decision . orpr S o [Belle T (Prelianry)
Tree (BDT) to suppress ete™ — qq. 3 wplLdsson O [ Ld=1s0 N
H : . . . @ 19F -« Background B K*,t S 2f-- * -
Extract signal yield from 2-dimensional fit to M. and § * *;:g oo % }
S g
AE. s o A 5.
_ /g2 2 _ E e .
My = Ebeam - p*B AE = E*B — Epecam @ N 4 2
[ 9 L
Precision for e and p channels in same ballpark S v oot o e
(~ 25 — 30%).
Mode Observed events  Branching Fraction (x10~% World average (x10~6
g g
B — K*ete™ 224+ 6 1.42 +0.48 £ 0.09 1.19 +£0.20
B K*utu~ 1846 1.19 +0.3173-%8 1.06 + 0.09

[Prog. Theor. Exp. Phys. 2022, 083C01]
L.Martel

penguin decays


https://arxiv.org/abs/2206.05946
https://pdglive.lbl.gov/Viewer.action

Measurements of B — J/U(ITI7)K (1/2) arXiv: 2207.11275

Measurement of B — J/WK branching ratio and Rk (J/¥).

_ B(B—=KJI/¥(—>ptr))
Rk (J/¥) = B(B—>KJ/‘I/(—>Z+Z—))

Not a b — s transition, but an important control channel for Rk .

Proceeds via a b — ¢ favored transition. e I

Recontruct Bt — K+.J/W¥ and BY — K%.J/V¥ decays with K> 30%: | 3%,
s K% [20%] [25%

J/U —ete” /utu—. S 2 2

J/¥ and K combined to form B candidates with M}, and AE selection.

Reconstruction efficiencies for the

Signal yield extracted from fit to M. and AE. kaon/lepton flavour combinations.
I 1200 7200 — [ e * — p 40
| SIDUG Belle Il (Preliminary) '[Ldl - 189b" | | %1000 F Belle Il (Preliminary) ‘[Ldl =1891fb" % Belle Il (Preliminary) '[Ldﬁ =189 'b" % Belle Il (Preliminary) JLd( - 189 "j‘
27 (- . et . "= s00f ‘o = 300 .
2 el B 5K Jyle'e) (1@ goof B* K Jy(u' i) | @ B’ 5K y(e'e) = B 5K y(u' i)
T 1T | T -
| % sof 4 ;.g':.l : | % s0f :;:m ‘ % 200F 4 para § 200F | para
E 8 00| 8 -~ Signal 8 -~ Signal
e Background 1! k:f Background 'S 100} Background S 100f Background
I3 200f B’z Jy(e'e) 13 200 B > Iyiw) | 3 — Fit 3 —Fit
- Wil BT Wk | & 5
| o
| © %2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5,29 \O %.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.2f © %2 5.21 522523524525526527525529 %2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
| M, [GeV/c] ! | M, [GeV/c?] X M, [GeV/c]
p I > 2 p
= | o= 3 = 1
R s AL e e aa Ik zEf.W#fﬁH 2 ettty bt
[ e ———————— _ 72 77777777777777 2 -2
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https://arxiv.org/abs/2207.11275

Measurements of B — J/U(ITI7)K (2/2) arXiv: 2207.11275

Main systematic uncertainty from Y (4S) branching ratio to B pairs (2.6%).
Additional systematic for K9 modes due to data-MC differences in K2 reconstruction efficiency (3%).

"(‘95 s 1 1 1 ® World average

g 0x10 £ I i LX) i i ¥ Belle !l 189 fbo~!

z | | |

c 1 1 1

5 i | i

K i i i Belle Il measurement of

2 ax10° | i | Rk (J/¥):

s i i i
i i i Ry (J/1) = 1.009 & 0.022 4 0.008

3x107 i i i Ryco(J/9) = 1.042 4+ 0.042 + 0.008

! ) } L1 f
i i i

JWete ) KT W) KT (ete-) K Wt ) K

Prog. Theor. Exp. Phys. 2022, 083C01
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https://arxiv.org/abs/2207.11275
https://pdglive.lbl.gov/Viewer.action

B — X,y with hadronic tagging (1/3) arXiv: 2210.10220

b — s has higher rates and is sensitive differently to NP compared to b — slT1~ or b — su.

uct
All b — s final states are considered = inclusive search. b s
In addition to studying NP (HE mass), allows to extract:
Several SM parameters (e.g 1) [RevModPhys.88.035008]. 14
Shape function describing the motion of b-quark inside B meson [prL 127, Signal side

102001]. 7 n
.

Measurement:
Inclusive measurement: only photon constrained on signal side.

Large background contribution = challenging to suppress without losing -
"inclusiveness” .

Tag-side B meson reconstructed with hadronic tagging = high purity
sample, direct access to Ef, photon energy in B rest frame.

Tag-side reconstruction efficiency = 0.44 4+ 0.02%

»
Tag side
(Hadronic)
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https://arxiv.org/abs/2210.10220
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.88.035008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.102001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.102001

B — X,y with hadronic tagging (2/3) arXiv: 2210.10220

Signal candidate: Highest energy photon in event, Ef > 1.4 GeV.

General background suppression: BDT trained to suppress events compatible with ete™ — ¢q.
= only use features uncorrelated to Ef and Mp..

Signal-side background suppression (photon): Veto n — vy and 7° — 7.

Tag-side background suppression: Biqg My, fits in bins of E‘,}f = correctly tagged events count.

Selection and fit validated on 1.4 < Ef < 1.8 GeV.

— 400

v Belle Il 1.6 GeVsE5i <1.8 GeV

N [r=1893 b1

300} ]

= 1 f

9 200 t Hot [ 1

ISR S LS gt thy

b

210 T 1

9] e T T T T N

> = N

w 0 k)
2F PORA |

Soofe T T o f e e T T T e

a | J -, s L B |
-2

C 1 s L Ik L L 1 I |
5.245 5.250 5.255 5.260 5.265 5.270 5.275 5.280 5.285
tag-side My [GeV/c?]
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https://arxiv.org/abs/2210.10220

B — X,y with hadronic tagging (3/3) arXiv: 2210.10220

Still correctly tagged non-B — X background remaining. = Simulation used to estimate the size of this background.

Belle I [c=1893 ! x10~* Belle Il [c=189.3fb!

~
=1
S
3
-
I
S

© .
2 BB backgrounds I Measured result
g 7 Total simulation uncertainty _ 125 T2 Hybrid B~ Xsy model
£ 1500 t  Yields from data fit E Lo Hybrid model uncertainty
@ (7]
W 1250 E=
= < ors
@ _*_ Qs [ T
o 1000 W 050 — —
§ 750 Signal region g s L i
() i 1
> s00 Sl !
e T:] 0.00 J:
2 250 \ e
£ _— -025
T o e e .

1.4 1.6 18 2.0 22 2.4 2.6 2.8 18 2.0 22 2.4 26

B
EZ reconstructed [GeV] E} [GeV]

E,? threshold, GeV ~ Branching fraction (x10~%)
1.8 3.54 £0.78 £ 0.83
2.0 3.06 £ 0.56 £ 0.47

Main systematic effect comes from background data/simulation discrepancies.

Competitive with BaBar (210 fb~!) measurement:
3.66 £ 0.55 £ 0.60 x 10~* (E,’},B > 1.9 GeV) [prD 77, 051103]

Consistent with world average: 3.49 4= 0.19 X 10™% [Prog. Theor. Exp. Phys. 2022, 083C01]
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https://arxiv.org/abs/2210.10220
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.77.051103
https://pdglive.lbl.gov/Viewer.action

Summary

b — s transitions are powerful tools to probe the SM.
Belle Il is at the center of the studies on these modes, thanks to its unique access to radiative and missing energy
modes.
Measurements presented (189 fb—1 dataset):
B — K J/¥ = Branching ratios, and Ry (J/ 7).
B — K*I*1~ = Branching ratios, first steps towards Ry~
B — Xsv = First Belle Il inclusive measurement of the branching fraction.
Belle Il will provide new exciting EW and Radiative penguins measurements using the full data collected before shutdown.

Belle 11 Online luminosity

Integrated luminosity
W Recorded Weekly
— Recorded At = it 1 400
Many more Belle Il results shown at this fermatt = szn79107) /
conference. i

Shown today

e.g Yulan’s talk for additional b — s discussions.

Resuming data taking at the end of this year.

Total integrated luminosity [fb~1]

100 &

g
3
]
S
H
2
g
°

= Stay tuned

0

&%&é&%&%&%w
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Measurement of B — K*lI

B— K*utu~

B — K*ete™

Entries / [0.0033 GeV/c?]

Entries / [0.0033 GeV/c?|

L.Martel

n

0
5.

Belle II (Prehmma.ry)
F £ dt=189 fb!

Signal

=+ Background

| = Total

[ -#- Data

]

M, [GeV/c?]

.2 5.‘21 5.'22 5,‘23 5.'24 5.'25 5.‘26 527 528 5.29
[ Belle IT (Prehmma.ry)

L[ £ dt =189 fb!

|' — signal
[ == Background

= Total

- Data

2 521 522 523 524

525 526 527 5.28 529

M,, [GeV/c?]

Backup

Entries / [0.0078 GeV]

Entries /[0.01 GeV]

|- = = Background

’B lle II (Prehmmary)
dt = 189 fb!
= Signal
== Background
= Total
—#- Data
! ,
15 —[;.1 -0.05 é 0.05 0.1
AE [GeV]
[ Belle IT (Prehmmary)
E £ dt =189 fb!
= Signal

penguin decays

0.05 0.1
AE [GeV]
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Backup

Measurement of B — K*lI

€ _ [Belle II (Preliminary) % 2 FBelle IT (Preliminary)
> PF[Ldt=189 ! S LE[Ldt=189 b~
(O] P Signal "’2 ] = Signal
[v] = =1 Background o = =1 Background
o] S 16
8 20 f = Total S 14 = Total
S —#- Data S 2 L * Data
< 15 @
B ks g Cl [ £ o
2 e s
= 6
: LT i
2F
%2521 522 525 524 525 526 527 528 529 L FT: -0.1 -0.05 0 0.05 0.1
M, [GeV/c?] AE [GeV]
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Backup

Measurement of B — K*lI

Observables Belle 0.71ab™"  Belle Il 5ab™! Belle II 50ab™!
Rk ([1.0,6.0] GeV?) 28% 11% 3.6%
Ry (> 14.4GeV?) 30% 12% 3.6%
Rk- ([1.0,6.0] GeV?) 26% 10% 3.2%
Ry (> 14.4GeV?) 24% 9.2% 2.8%

Figure: Prospects for Belle Il sensitivity for R /R measurements.
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Backup

Angular analysis in B — K*ll

The differential decay rate is given by :

a4 . .
dr‘/ldq2 dcoseldcosl(;qubdq? = %[%(1 — Fr)sin?0x + Frcos?0x + %(1 — Fr)sin205 cos20; — Frcos?0 5 cos20; +

S35in20k sin20;cos2¢ + Sy5in20 i 5in260;cosd + S55in20 sinbjcosd + Sesin?0y cosb; + S75in20 i sinbysing +
Sgsin20 ¢ 5in20;sing + Sgsin?0x sin6;sin2¢]

8 independent observables in the lepton
massless limit:

F'1,: Fraction of the longitudinal
polarization of the K™.

Se: The forward-backward assymetry of the
Ul system.

S3.,4,5,7,8,0: The remaining CP-averaged
observables.

Fr, and S; are function of ¢2.
P! and Q;:
P! _ Sj=a5738
i=4,5,7,8 — VFL(—Fp)
Qi =P/ —P7, i=4,5
Any deviation from zero for ); would
indicate NP.
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Backup

Measurement of B — J/W¥

% > 140
% . 3 -
2 mof Belle Il (Preliminary) g 120 B Belle Il (Preliminary)
a fm«:mgm“ gk fLm=1asvb"
g 200f 8
£ B® - K Jp(e’ &) g s | B° - K Jp(e” )
2 E
§ + D_ala 8 60 | 4+ Data
8 100 [ === Signal - Signal
Background 40 - Background
50 | mmm Fit 2 b — Y
o ossgsssesey 0
52 521 522 523 6524 525 536 527 528 529 204 ~0.05 0 0.05 04 0.15 02
M, [GeV/c?] AE[GeV]
: 2 f
+ N
e a0 [ — 2 F L
H Belle Il (Preliminary) = 20 Belle Il (Preliminary)
300 [~ =
© fLm=139'b" 2 of f'-dl=‘99fb‘
g 20F %
+ 0 o K Sl
g o B KRIGW) 2 ol B > KE Jnp(u’ w)
$ wof ¢+ Dam 8 + Data
] ---. signal 100 - - - - Signal
100 £ Background Background
50 [ == Fit 50 |- — Fit
L ot n
Y (M 7Y Rt ey TR %1 005 o 005 O o 02
M, [GeV/ic?] AE[GeV]
: F i
: ,‘l“Tl]Llu"r"ﬂ'llr—hn'llrﬂle : ""I'l""'"ll""l"‘r'"n'l.“l'
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Backup

Measurement of B — J/W¥

Candidates per 1.5 MeV/c?

Candidates per 1.5 MeV/c?

Pull

Pull

900 3
so0 |- Belle Il (Preliminary) = w0f Belle Il (Preliminary)
700 F [Ldt=1891b" g oop Ldt=189 fb"
600 |- f - g 350 F -
3
sco | B' =K uny(e’ ) 3 z’;z 3 B — K (6" &)
a0 f ¢ Data 8 ¢ Data
== Signal 200 - = - Signal
300 £ Background 150 Background
200 F B = 1t (e 100 B’ — " Jhy(e'e)
— Fit — Fit
100 50
L .
o2 Son Do 25 5ra 525 5% 521 528 529 %01 005 [] 005 (X 015 0:
M, [GeV/c?] AE[GeV]
B 5
2 = 2
‘, ,,l.lJ.-J.f-——.-—-.—'—'—.'rT—-'-.I.JTL. N | T N—
2
1000 [ Belle Il (Preliminary) = 70 Belle Il (Preliminary)
det: 18910" g e de«: 189 1b"
800 - 3 oo
B K y(u” ) E] B - K p(u” )
600 |- H 400
+ Data S ¢ Data
oo [ === Signal 300 == =1 Signal
Background Background
B* — x* Jyp(u'u) 200 B' - x* ()
200 |~ s Fit 100 — it
D5.2 521 522 523 524 525 526 527 528 529 070 1 -0.05 o 0.05 0.1 0.15 0.
M, [GeVic?] AE([GeV]

e ———_—

Pul

penguin decays



Backup

Measurement of B — Xy

TABLE I: Partial branching fraction measurement results and uncertainties. Note that
signal efficiency and background modelling uncertainties are correlated (see Sections \Q

and 7.3).
_ _— . Fit Signal Background

B 1 dIy 4 h
EJ [GeV] dE"’(lO ) Statistical Systematic procedure efficiency modelling Other

1.8-2.0 0.48 0.54 0.64 0.42 0.03 0.49 0.09

2.0-2.1 0.57 0.31 0.25 0.17 0.06 0.17 0.07

2.1-2.2 0.13 0.26 0.16 0.13 0.01 0.11 0.01

2.2-2.3 0.41 0.22 0.10 0.07 0.05 0.04 0.02

2.3-2.4 0.48 0.22 0.10 0.06 0.06 0.02 0.05

2.4-2.5 0.75 0.19 0.14 0.04 0.09 0.02 0.09

2.5-2.6 0.71 0.13 0.10 0.02 0.09 0.00 0.04

L.Martel b s penguin decays Beauty 2023, Jul 03 - 07



Measurement of B — X~

- pays . -
T Belle 11 prefiminary T8GeV=Er<20GeV] L Belle 11 prefiminary 20Gev=Ey<21GevV| G
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Backup

Measurement methods

Some decays studied here have missing kinetic information in the final state of the signal B meson (fully inclusive

measurements or neutrinos in the final state).
— Specific to et e~ B-factories: use the accompanying B meson (tag-side) to constrain the signal-side.

Bty of the tagged samples

Tagging efficiency

¥ n ¥ -
O@-@-C% TO-@—G%-
X D* X
Hadronic tagging Inclusive tagging
B, hadrons (e.g B D* nmj B, anything
£ =~ 0(0.1%) £ = 0(100%)

Beauty 2023, Jul 03 - 07
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Backup

The Full Event Interpretation

How to reconstruct the tag-side ?

Reconstruction using the Full Event
Interpretation algorithm (FEI).

©
%
&

Use final state particles to hierarchically
reconstruct the most probable Biqg.
Predefined B meson decay lists are used
(ex: fully hadronic decays).

Probability of each candidate to be correct
estimated by a multivariate classifier.
Inclusive tagging does not need to use this
algorithm.

L.Martel b Beauty 2023, Jul 03 - 07



Backup

Measurements of B — J/U(ITI7)K arXiv: 2207.11275

Main systematic uncertainty from Y (4S) branching ratio to B pairs (2.6%).
Additional systematic for K9 modes due to data-MC differences in K2 reconstruction efficiency (3%).

What has been measured
B(BT — J/p(ete”) K

B(BY = ) () K
B(BO—>J/1/)(6 e ) K

World averages

) X 107°

(6.06 £ 0.09 £ 0.19) x 107>
)

) = (6.00£0.10 £0.19

)=

) = (2.67£0.08 £0.12) x 107°
)=

) =

) =

B (Bt = J/$pKT),, = (10.20+0.19) - 10~*
B(B° — J/quO)WA =(8.91+£0.21)-107*
B(J/p — ete )y, = (5.971 +£0.032)%

K9

S

0 —
B(B® — J/i (ut )i, (2.78 £0.08 £0.12) x 107> B (J/ — i) = (5961 % 0.033)%

Rye+ (J/1) = 1.009 = 0.022 & 0.008
RKO (J/w = 1.042 4+ 0.042 + 0.008 Prog. Theor. Exp. Phys. 2022, 083C01

L.Martel b — s penguin decays Beauty 2023, Jul 03 - 07 25/12


https://arxiv.org/abs/2207.11275
https://pdglive.lbl.gov/Viewer.action

Backup

Measurements of B — J/U(ITI7)K

Source B(B — KJ/i) Ry Ay
Kt Kt K% K% K'K°
ete” ,u+,u* ete” ,rLJr,(f ete” ,qu;,f
Number of BB events 1.5 15 15 15
PDF shape 02 02 02 02 0202 01 01
Electron identification 0.6 0.6 0.6 0.6
Muon identification 0.4 04 04 04
Kaon identification 0.2 02 0.1 0.1
Kg. reconstruction 3.0 3.0 1.5 1.5
Tracking efficiency 09 09 12 1.2 04 0.4
Simulation sample size 01 01 01 01 0101 01 01
T(4S) branching fraction 2.6 2.6 2.6 2.6 26 26
(B+/780) 02 02
Total 32 32 44 44 08 08 3.0 3.0

Figure: Systematic uncertainty sources for the B — J/WK and Ry (J/¥) measurements.
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